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NATIONAL ADVTSOFE Co"7TTEE FOR AERONAUTICS 

DWNS'EU!TION OF THE DOUGLAS X-3 RESEARCH AIRPLANE 

Richard E. Day and Jack Fischel 

Flight  tests were performed with the D o u g l a s  X-3 research  airplane 
during the manufacturer's  demonstration program  and f o r  U. S. Air Force 
evaluation. These t e s t s  covered the Mach  number range t o  1.21 and an 
alt i tude range from 12,800 feet t o  34,000 feet .  Longitudinal, la teral ,  
and directional  stabil i ty and control data obtahed  during these t e s t s  
i n  steady flight and maneuvering flight are  presented in  t h i s  paper and 
are  compared with wind-tunnel and rocket-model data. 

Longitudinal  control  deflection  required t o  kFm the  airplane over 
the lulach  number range was generally similaz t o  that of other airplanes, 
characterized by a stable varfation at Mach nunibers be lm 0.92 and a 
sllght nose-down trim change a t  Mach nunibers  above 1.07. 

Data obtained  during t u r n s  and pull-ups  indicated that throughout 
the M&ch nmiber range *om 0.65 t o  1.21, the  apparent static  longitudinal 
s tabi l i ty  was positive at  low lifts and increased by a factor of about 
& as Mach number was fncreased from 0.9 t o  1.2. The apparent  stabi3Lty 
exhibited a gradual decrease as lift increased and mild pitch-ups a 
occurred at Bhch numbers above 0.95. The pitch-ups  occurred st normal- 
force.coefficients of about 0.7 t o  0.8, which i s  slightly below maxim 
wing l i f t  a t  a Mach rider of approximately 0.95, and about 0.4 t o  0.3 
below maximum wfng  l i f t   a t  Mach numbers greater than 1.0. 
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Difficulty w a s  experienced i n  performing smooth longitudinal maneu- 
vers. This condition appeared t o  result from the  conibhation of control 
system, pilot,  airplane, and their  dynamic ch&acteristics; however, 
additional  tests are required t o  determine the primary  cause of the lag 
and oscillations experienced. 

Unaccelerated stalls appeared s t ab le   i n  all configurations  tested, 
except at  large  angles of attack  in  the  landing  configuration where some 
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instability was evident. Roll-off tendencies, which became  more  severe 
as  the  speed was decreased,  were  apparent in all canfigurations. 

Data  obtained during sidesfips at MELch nunibers frm 0.84 to 0.98 
showed  the  apparent  directitma1  stability to be  positive and to increase 
with increase in Mach nuniber. A smaller  degree of apparent  stability 
existed  for small angles  of  sideslip  than  existed for larger angles. 

Meager  aileron  effectiveness data obtained at Mach n-s of 0.89 
to 0.98 indicated that the  control  effectiveness was generally  linear 
with  deflection  and  exhibited  little  change with increase  in  Mach  number. 

Comparison of flight  data with wind-tunnel and rocket-model  tests 
showed similar trends  and  good  quantitative Weement. 

INTRODUCTION 

'Ilhe DOU@&B X-3 airplane is one of the  series  of  research  airplanes 
obtained  by  the U. S .  Air Force for the  joint Air Force-Navy-National -. 
Advisory Committee  for  Aeronautics  high-speed  flight  research  program. 
The X-3 airplane was designed  to  investigate  the  cha;racteristics at 
supersonic  speeds of an airplane having a. thin,  straight,  low-aspect- 
ratio w i n g  with  hexagonal  sections. The airplane is single  place  and  is 
powered by two  turbojet  engines  with  afterburners.  With  the  engines 
presently  installed  the  airplane  is  limited to near-sonic speeds in level 
flight  although  supersonic  speeds  can  be  attained by diving. 

The purpose of this  paper  is to present  the  stability  and control 
characteristics  of t h e  X-3 airplane  measured  during  the  ma3lUfacturer's 
program to demonstrate the s-tructural  integrity of the  airplane and the 
proper  functioning of the  various  airplane  systems.  Data  from  two U. S. 
Air  Force  evaluation  flights are also included. All the data presented 
in  this  paper  were  obtained from NACA research  instrumentation  which was 
employed  during  the  entire  program.  The data cover  the  Mach  number  range 
to 1.21 and  were  obtained  during  trimned-flight  speed runs; longitudinal, 
directional,  and  lateral  maneuvers;  and accelerated stalls.  Comparison 
of the  flight  data  with  data  obtained  during  wind-tunnel  and  free-flight 
investigations of X-3 models is  included. L i f t  and drag data obtained 
concurrently  on  the X-3 airplane  during  the  demonstration and evaluation 
flights m e  reported in reference 1. 
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transverse  acceleration, g units 

slope of airplane  normal-force-coefficient  curve  per 
degree, dc%P 

lateral-force  coefficient, 

slope of lateral-force-coefficfent curve  per  degree of 
sideslip  angle,  dcy/ap 

pitching-moment  coefficient 

wing chord, in. 

mean aeroaynamic  chord, fn. 

aileron  control  nheel  force, lb 

rudder pedal  force, Ib 

stabilizer  control  column  force, lb 

acceleration due to  gravity,  ft/sec 2 

pressure  altitude, f+, 

stabilizer  deflection  with  respect to fuselage  reference 
line, leading edge of stabilizer up is  positive,  deg 

L lift, lb 
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free-stream Mach nuniber 

normal load factor  or  acceleration, g units 

free-stream  static  pressure, lb/sq ft 

rol l ing engu~ar velocity,  radians/sec 

pitching angular velocity,  radians/sec 

yawing ang~lar velocity, radians/sec 

wlng mea, sq f ' t  

true  airspeed,  ft/sec 

indicated  airspeed,  knots 

airplane  weight, lb 

angle of attack, deg 

angle of sideslip, deg 

total   a i leron  def lect ion,  right ro l l   pos i t ive ,  deg 

hang-edge   f lap   def lec t ion ,  deg 

trailing-edge  flap  deflection, deg 

rudder deflection, deg 

l e f t  rudder pedal deflection, in. 

aileron  control wheel rotation, deg 

stabilizer  conixol column travel ,   in .  

mss density of air,  slugs/cu ft 

free-stream aynamic pressure, lb/sp ft 

apparent  longitudinal  stability  parameter, deg 

. 
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di dC apparent  longitudinal  stability paremeter, deg t/ NA 

&a/W apparent  effective  dihedral pazameter 

*l-/dS appment  directional  stability parameter 

Pb/2V wing-tip helfx m e ,  radians 

DESCRI€TION OF AlRpLANE 

The Douglas X-3 research airplane is  a single-place  straight-wing 
airplane powered by two J34 turbojet engines  equimed wlth afterburners. 
The airplane is also characterized by a long fuselage with an appreciable 
fkontal area t o  wing area ratio. photographs of the airplane are shown 
in   f igure  1 and figure 2. A three-view drawing is presented in figure 3.  
A d d i t i o n a l  airplane dimensions &re given i n  table I. The low midwing has 
an aspect r a t i o  of 3.1, is  u n s w e p t  at  the 73-percent-chord line, snd i s  
equipped with both  leading- and trafling-edge  flaps. The airfoil employed 
for  the  wbg i s  a e- percent-thick modified hexagonal section normal t o  
the 75-percent-chord station  (fig.  3) . 

The airplane has an all-movable horizontal tail surface and conven- 
t i o n a l  flap-type rudder and aileron con-&ol surfaces. A l l  the aerody- 
namic control  surfaces are powered by an irreversible  hydraulic system 
and  have var iable   ar t i f ic ia l   force gradients. The horizontal tail has 
fixed tabs t o  alleviate hinge moments for the  condition of hydraulic sys- 
tem failure. Preloaded  springs are used in the control system t o  provide 
a variation of control  force  with  control  deflection. A dynamic-static 
pressure  sensing urdt changes the mechanical  advantage between the cock- 
pit   controls and the feel springs, producing control-farce  gradients as 
shown in figure 4. 

Provision i s  also  included far mng stabilizer control-force 
gradients provided by the  preloaded  springs independent of the dynamic- 
static  pressure  sensing d t .  The con-trol-force Friction  appears to 
increase somewbat wlth increase In the  control-force  gradient (F,/ft). 

The following pertinent  quantities were recorded on NACA internal 
recording  instruments wMch  were synchronized by a c m n  tinter: 
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Airspeed and altitude 

Normal and  transverse  acceleration 

Rolling  angular  velocity 
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Pitching angular velocity 

Yawing  angular velocity 

Angle  of  attack  and  angle of sideelip 

Control  column,  control  wheel, and rudder  pedal  positions 

Stabilizer,  aileron,  and  rudder  positions 

Stabilizer,  aileron,  and  rudder  control  forces 

Leading- and trailing-edge  flap  positions 

The angle of attack  and  stabilizer-deflection  were  measured  rela- 
tive  to the fuselage  horizontal  reference  plane.  The  vanes  used  to 
measure  the  angle of attack and the  angle of sidesklp  were  mounted on a 
boom approximately 22 feet  and & feet,  respectively,  forward  of  the 

4 4 
nose of the  airplane  (fig. 5 )  . The values presented  for  angle of attack 
were  not  corrected  for  the  effects  of  upwash  &ead of the  nose of the 
airplane nor  for  the  effects of boom  bending  or  pitching  velocity. The 
pitching  velocities  encountered were not sufficiently high to change 
appreciably  the  recorded  values. 

A Douglas  airspeed  head was mounted on the  boom  about  feet  for- 
2 

ward of the nose of the  airplane (fig. 5 )  . The differential  pressure 
probes on the  nose  of  the  boom  were  part of the  instrumentation  of  the 
Douglas  Aircrafi  Co. a.nd were  not  used  for  the  data  of  this  paper. The 
airspeed  system was calibrated by using the NACA radar-phototheodolite 
method of  reference 2. The accuracy of the Mach nunibers  obtained is 
believed  to be within fO.O1. 

TESTS 

The  data  presented  in  this  paper  were  obtained during demonstration 
flights by the  Douglas  Aircraft Co. and during preliminary U. S. Air 
Force  evaluation  flights.  Consequently,  the lift and Mach rider ranges 

. 



covered in obtaining  vaziaus stability and control parameters are  not 
complete, particularrly for the  directional and la te ra l   s tab i l i ty  s u r v e y .  

Longitudinal t r i m  data ranging from M = 0.60 t o  M = 1.16 were 
obtained from stall  approaches, level-flight speed rum, and dives with 
the  airplane In the  clean  configuration.  Static longi tudinal  stability 
and control  characteristics  .in  accelerated flight were determined with 
the  airplane  in  the  clean  configuration during wind-up turns a t  Bkch num- 
bers f r o m  0.63 t o  0.94,and during  pull-outs at Mach nlzpibers from 0.9 
t o  1.21. S t a l l  approaches were performed with various conibinations of 
leading- and trailing-edge flap deflections with gear up OT g e m  down. 
Stat ic   directfmal  and lateral stabil i ty  data were obtained from right 
and left gradually  increasing wing-level sideslips at Mach nunibers of 
0.84, 0.96, and 0.98. Lateral control effectiveness  characteristics 
were obtained between M = 0 .@ and M = 0.98 f rom rudder-fixed 
aileron rolls at various aileron  deflections. 

The data were obtained at  pressure altitudes ranging Fran 
~ ~ € 3 0 0  feet  t o  34,ooO feet.  me  center-of-gravity  positions  for  these 
t e s t s  were within the limits of 3 percent and -2 percent of the mean 

pavi ty   posi t ion was limited by the  existing  instrumentation  (pertinent 
- 

? aerodynamic chord. A m e  precise  determination of the  center-of- 

- t o  fuel  consumption). 

T r i m  Characteristics 

Figure 6 shows the longitudinal. conizol-surface  deflections 
required t o  -trim the  airplane  in I g flight through the usable Mach nun- 
ber  range. These data were obtained during level runs, dives, and stalls. 
The values of stabilizer  deflection were corrected t o  constant  conditions 
of 1 g mght a t  a pressure  altitude of 30,OOO fee t  and a wing loading of 
116 pounds per s q w e  foo t  by us- the  values of the parameter di t /”””.  

obtained  during  turns and pull-ups. The m i a t i o n  of trim-stabilizer 
deflection  with Mach  number (fig.  6 )  indicates that the  airplane  exhibits 
a longitudinally  stable trend from Mach nmibers of 0.6 t o  about 0.92, 
followed by a  neutrally  stable  region t o  M = 0.97. A nose-up  -&in 
-e occurs starting at a Mach rider of approximately 0.9” with the 
highest  rate of change of t r i m  deflection near a Mach rimer of 1.0. .A 
sllght nose-dm t r i m  change then occurs from Mach nzmibers of about 1.07 
t o  1.16, the  highest Mach number a t  which t r i m  data were obtained. The 
longitudinal. control  forces for trimming the a w l m e  are  not  presented 
because various trim sett i-  were used during the  several flights trav- 
ersing  the Mach number range show. 
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Adequate data are not available to   present   the  la teral  trim 
requirements  over the Mach  nuniber range; however, the pilots  reported 
the  occurrence of slight inconsistent t r i m  changes at a Mach number of 
about 0.95. 

c 
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Longitudinal  Stability and Control Characteristics in  
Accelerated Maneuvers 

Data obtained  during  several  accelerated maneuvers, representing 
the l i f t  and h c h  number ranges  covered, are  presented as time histor ies  
in   f igure  7. Figure 8 presents  these data i n  the form  of s t ab i l i t y  
crosa plots.  Additional  data  obtained awing other  accelerated  longitu- 
dinal  maneuvers are  not  presented i n  this paper  but were used t o  deter- 
mine the values of various s t s b i l i t y  parameters  over the Mach number 
range. In general,  because of the  buffeting and the proximity of wing 
maximum lift (as shown by wing loads measurements i n  subsequent maneu- 
vers),  the maneuvers performed a t  Mach numbers less  than 0.9 were over 
a lift range extending only t o  of about 0.5 t o  0.6. At %ch num- 

bers greater than 0.9 the maneuvers were generally  over a larger  lift 
range  extending as high as % = 1.1. 

cNA 
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The longitudinal  oscillations  evident in figure 7 are caused by a 
co&ination.of  characteristics of the  control system, p i lo t ,  and air- 
plane.  Sufficient dynamic characterist ics have not  been  obtained t o  
evaluate  these  oscillations i n  de t a i l  and, although  the  airplane  longitu- 
dinal damping appears high, it is  f e l t  that more tests are  needed t o  
determine the primary  contributor to  the  sustained  oscillations  experi- 
enced. Sane contributing  factors of the  oscil lations may be indicated. 
An inspection of the  the-his tory  plots   (par t icular ly   f igs .  7(b) and 
7(d)) indicates that the summation of incremental  time lags between 
application of s tab i l izer  wheel force, movement of  the  stabilizer con- 
t r o l  wheel, change i n   t a i l  incidence, and change in  airplane  angle of 
attack i s  as much as 1 second, causing  the  application  of  control  force 
t o  be as much a s  180° out of phase with the airplane  response. Examina- 
t i o n  of time his tor ies   ( f ig .  7) and plots  of stabil izer  deflection as a 
function of s tabi l izer  control-wheel  position (fig. 8) indicates by the i r  
l inear i ty  that loss of  motion in  the  control  hydraulic system  (such as 
caused by inertia of hydraulic  system and control components) or  control 
cable s t re tch (between the  stabilizer  control wheel and the  s tabi l izer-  
actuating-hydraulic  cylinder) i s  a minor contribution t o  the phase l ag  
(approximately 0.1 t o  0.2 sec.) . Additional  effects shown in  figure 7 
are  the  appreciable  control  force  chmges  occurring  during  the low-speed 
maneuvers with l i t t l e   o r  no corresponding changes i n  cockpit  control 
position or stabil izer  deflection and the continuance of stabi l izer  
motion  during  several of the maneuvers when the  force was stopped  or 
reversed. These effects   resul t  from the  control-feel  system  friction - - 



and breakout forces which are  larger  for the maximum spring  load-feel 
gradients employed fo r  these maneuvers (except for  fig.  7(c),  discussed 
subsequently), and also from hydraulic  valve  friction i n  the powered 
control system (ref , 3 ) .  These effects are believed t o  contribute 
appreciably t o   t h e  lag and oscillatory  chazacteristics shown. A large 
phase difference i s  also  apparent between the deflection of the stabi- 
l i z e r  and  change in afrplane  attitude  as  represented by angle of attack 
(fig. 7); however, the actual l ag  i n  development of pitching  velocity, 
about 0.2 second, i s  normal. 

Because  of the oscillations encountered during the longihxldnal 
maneuvers, analysis of the  airplane stability is difficult   particularly 
a t   mch  numbers less  than 0.9 &ere the  range of % covered was very 

limited. However, examination of the plots of stabilizer  deflection 
against  angle of attack and % at  the higher Mach nunibers (figs.  8(c) 

and 8(e)) shows the  apparent  stick-fixed stability t o  be  positive, as 
indicated by the negative  slope of the curves of plotted against 
a, but  nonlinear over most of the  angle-of-attack range. The apparent 
s tab i l i ty  decreased and approached neutral stability at  the higher 
values of ac and % A t  Mach n-ers above about 0.95, pitch-up was 

experienced with the airplane during t he  longitudinal maneuvers. The 
data of figures 7(d) t o  7(f)  and 8(d) t o  8(f)  show that %he pitch-up was 
probably aggravated by the lag and oscillations  previously  Uscussed. 
Figure 7(f) ,  f o r  example, i l lus t ra tes  a pitch-up  beginning a t  time 
4.0 seconds. As the  stabil izer column position and stabilizer  deflec- 
t ion became neaxly  constant, an overshoot in angle of attack of about 8' 
and in  acceleration of about 3 g  occurred, accompanied  by a relatively 
low pitching  velocity of a p p r o a t e w  0.2 radian  per second, ( u s 0  see 
fig.  8(f) . ) &though the pitching  velocities and accelerations  experi- 
enced i n  the pitch-ups were consfdered by the pi lots  t o  be reasonably 
mild, large values of pitching  acceleration were sometimes attained 
during the  subsequent recovery when excessive  control  rates were used. 
In general,  pitch-up was apparent a t  n0rmaI"force coefficients of about 
0.7 t o  0.8 a t  all Mach  numbers above 0.95. These values of normal-force 
coefficient were slightly below maximum lift (as obtained f r o m  wing- 
loads measurements) a t  M * 0.95 and about 0.4 t o  0 -3 below rmximu~ 
WFng l i f t  a t  Mach numbers greater than 1.0. 

A 

A 

A. 

To i l lustrate   the changes in stability  occurring over the angle-of- 
attack range i n  terms of -lane pitching-moment coefficient,  the flight 
data of figures  7(f) and 8(f) ha,= been  reduced t o  values of C, by an 
analysis sWlar t o  that employed in  reference 4 and are presented In 
figure 9. As discussed in   t he  preceding paragraph, the plots of figure 9 
show the  s tabi l i ty  i s  in i t ia l ly   pos i t ive   a t  low values of a and CN 

but  tends t o  decrease and become negative as a is increased,  resulting 
A 
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i n  the  pitch-up  experienced i n  flight. Some of the  indicated changes 
in  stability over the  angle-of-attack  range m a y  r e su l t  fYom the changes 
i n  Mach  number occurring  during  the couxse  of the maneuver ( f ig .  7( f )  ) . 
In addition, a  comparison was made of t he   s t a t i c  margin at  low lifts 
for   the   f l igh t  data of figure 9 and the  wind-tunnel data of reference 5 
(interpolated for M fil 1.17). This conprison showed  good agreement. 

For most of the maneuvers evaluated,  the  pressure-sensing  control- 
force unit m s  not  used and the  s tabi l izer  load f e e l  was manually se t  
t o  maxhum. Consequently, the  apparent  stick-free  stability i s  essen- 
t i a l l y   t h e  same as the  st ick-fixed  stabil i ty  pattern inasmuch as the 
synthetic  feel  system, consisting  essentisl ly of a spring arrangement, 
produces a linear  control  force-surface  deflection  gradient. The sta- 
b i l i ze r  wheel force, shown as a function of no& load factor in  f ig-  
ure 8, gives an approxdte   va lue  of 20 pounds per unit acceleration 
for  the maxinrum load-feel  conditions stated previously  (figs. 8(d) t o  
8( f )  ) . Data from one of the  three  turns  in which autamatic load f e e l  

these  conditions and a t  the  specified altitude has been reduced t o  
approximately 8 pounds per unit acceleration. 

' -  was used  are shorn i n  9 igure 8( c) . The control-force gradient under 

The apparent  stabil i ty parameter dit.%A is  shown in   f igure  10 

as  a function of Mach  number a t  8 constant C of 0.3. For  comparison 

the  sol id   l ine i n  figure 10 gives  wind-tunnel  values,  taken from refer- 
ence 5 ,  fo r  as a  f'unction of Mach  number a t  a constant  value 
of C, = 0.3 and it = 0'. Both sets of data were obtained a t  about 
the same center-of-gravity  position,  approximately OE. A t  PlIach nunibers 
l e s s  than 0.9 insuff ic ient   f l ight  data are  available t o  define  adequately 
the  variation of the apparrent s t ab i l i t y  parameter with Mach number. How- 
ever,  values of approximately -5O were vbtained below M = 0.9. The 
negative  value  then  appeass t o  increase  linearly with Mach  nuniber from a 
value of about -6O a t  M = 0.93 t o  a  value  of -Eo a t  M = 1.21, indi- 
cating  either an increase in airplane  s tabi l i ty  or a decrease in   s tab i -  
lizer  effectiveness,  or.both. Although figure 10 shows wind-tunnel data 
are  not  available  in  the  range of Mach  number where most of the   f l igh t  
data were obtained,  the agreement shown i n  trend and level  of the  values 
of d i t  dcN, and appearrs f a i r ly  good. 

NA 

/ 
me  var ia t ion  with Mach  number of the  airplane normal-force- 

coefficient-curve  slope obtained a t  a value of Cn = 0.3 during 

accelerated maneuvers (figs.  7 and 8) is shown in  f igure 1l. Also pre- 
sented i n  figure 11 is  the  variation of cr-h, with Mach  number obtained 

during wind-tunnel model t es t s   ( re f .  5 )  and rocket-model t e s t s   ( r e f .  6) 

cNiz& A 

a t  % = 0.3. The flight values of C increase from about 0.075 a t  
Na, 
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M = 0.65 t o  about 0.105 at M = 1.0, then  decrease t o  abaut 0.095 at  
M = 1.2. Although the flight b t a  agree i n  trend with the rocket- and 

entire Mach ILumber range s h m .  One possible  reason  for the higher 
flight values of Cpr is  the  fact  that flight values of a were not 

corrected for boanbendhg,  pitching  velocity, or other conditions. 
Aa 

StaILing  Characteristics 

Data obtained  during  unaccelerated s ta l l  approaches ( d e  at  
IQ 26,000 ft) for three airplane  configurations are presented i n  fig- 
ure 12 in the form of time histories of the measured quantities. In 
figure 13 seTeral  quantities are presented  as a function of indicated 
airspeed.  Figure 14 shows it and %A as functions of angle of 

attack. In all f l ap  aad gear  configurations the ahplane flew  unstead- 
ily both laterally and 10ngitudinaUy during  the stalls (fig. 1 2 )  . This 
behavior  appeared t o  be control induced t o  a large extent; however, 
rapid  oscillations of the  ailerons can be observed during the early p& 
of the s t a l l  shown on figure 12(c) with little or no resulting  birplane 
roll ing response. The pilots  reported  the  airplane  exhibited poor aileron- 
control  response a t  l o w  speeds, however, the low-speed aileron-control 
characteristics have not yet been  evaluated. In general, the roJU3nn 
motions of the airplane were the most severe,  especially near the stall 
where a roll-off tendency WRS apparent . Tn the  clean  condition (flaps 
and landing ge& retracted), the s t e l l  approach was started a t  an indi- 
cated  airspeed of 361 knots with the s t a l l .  occurring a t  about 222 knots 
(figs . 12 (a) and 13 (a) ) . Deflecting  the leading-edge f l aps   t o  30° and 
the trailing-edge flaps t o  wo and extending the landing gem resulted 
in a decrease in stalling speed t o  about 160 knots  (figs. E ( b )  and 
l3(b) ) . However, deflecting o d y  the' leading-edge f laps   to  70 (gem 
retracted)  decreased  stalling speed t o  about 206 knots ( f igs .   X(c)  and 
13b) 1 

The scatter of data points in figure 14, for the curves of stabi- 
l izer  deflection  plotted against angle of attack, i s  due largely t o  the 
erratic control motions and t o  the inertia lag described  previously. 
Nevertheless, it is evident that the appazent stabil i ty  gradient dit/& 
is  positive in  all configuratfons  tested  except for some instabi l i ty  
exhibited at values of angle of attack greater than. 14O i n  the landing 
configuration. It i s  a lso  evident that a higher degree of s tab i l i ty  
exists f o r  the  clean  configuration  than  exists  for the landing  configura- 
t ion  or f o r  moderate nose flap  deflections. (Compare also t h e   m i a t i o n s  
of it with Vi f o r  each configuration in  fig.  13.) The wind-tunnel 
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data of reference 7 indicate the  same general  effects of deflectlng 
leading- and trailing-edge flaps on the ahplane s tab i l i ty .  

The curves of airplane  normal-force  coefficient  presented as a 
function of angle of at tack i n  figure 14 show the  variation of C 
with a t o  be fairly Line= up t o   t h e  WLng stall angle for each con- 
figuration. In the  clean  condition  the wing s ta l l  occurred a t  about 

= 0.6 and a = 120. With leading-edge flaps deflected 7 O  the 

NA 

%* 
s t a l l  was delayed t o  C, = 0.7 and a, IJ 14'. During the  stall approach 

i n  the landing  configuration,  values of  = 1.19 md a L 18.4O 

were attained. These values s t i l l  appear t o  be in   the  linear range of the 

A 

In general,  the values of CN* and a a t  which the break or 
leveling-off  occurred in  the  airplane  normal-force-coefficient  curve for 
each configuat ion were in   c lose agreement with the resu l t s  of the wind- 
tunnel  investigation of reference 7. ~n this investigation  (ref.  7 )  an 
X-3 airplane model with a horizontal tail of  aspect r a t i o  4.0 was 
employed. 

- 

. 
Stick-free  characteristics of the  airplane  during  the s t a l l  

approaches are d i f f icu l t   to   eva lua te  because of the aforementioned oscil-  
l a t ions  m d  errat ic   control  motions and a l so  because  of the  re la t ively 
h r g e  breakout  forces and the   f r ic t ion  band of the  control system. How- 
ever,  the  average  forces are quite low during  each maneuver and the gen- 
eral trend of the  control-force envelope shows a slightly stable t o  
neutral  slope i n  figures 12 and 13 indicating  new-neutral  stick-free 
s t a b i l i t y   f o r ' t b e  stall approaches. An exception t o  this condition may 
be noted for  the Landing configuration  (figs. l2f.b) and L3(b) ) where the 
control  forces appm unstable above a a 140. In addition,  the pilots 
commented that severe  buffeting  occurred p r i o r  t o  the stall usually at 
or near ll0 percent of s t a l l i ng  speed. In  every  instance the p i lo t s  
reported  the  airplane  tended  to r o l l  t o   t h e  right near  the stall with an 
appreciable loss i n  altitude involved i n   t h e  recovery From the  s ta l l  
unless  the  engine  afterburners were used. The p i lo t s  also consfdered  the 
s tabi l izer   effect ive i n  the stall recovery. The ailerons, however,  were 
considered  only marginally effective. 

Static  Directional and Lateral Stabi l i ty   Chmacter is t ice  

S ta t ic   d i rec t iona l  and lateral s tabi l i ty   character is t ics  are pre- 
sented in   f igure  13 where the control  positions,  control  forces, and 
side-force  coefficient aze plot ted as functions of sideslip  angle. The __ 



. 
apparent  control-fixed  Wectional sttibility, as shown by the  variation 

t of rudder position with s idesup angle, is  positive for the narrow speed 
- range  covered aad increases with increase i n  Mach nuniber. The data also 

indicate a smaller  degree of s tabi l i ty  near zero  sideslip  angle  than a t  
moderate sidesEp angles. (The wind-tunnel data of ref. 5 indicate a 
similar trend of directional  stabil i ty over the range of sideslip angle 
a t  M = 0.9,) The value of the apparent s tab i l i ty  pmameter d6r/da 
(measured near p = 0') increases from 1.15 t o  1.60 as the Mach nuuiber 
increases from o .84 t o  0.98. 

Figure 15 shows t h e   m i a t i o n  of side.-force coefficient  with side- 
s l i p  angle t o  be line= for each of the three Mach numbers at which the 
sideslips were performed. However, the previously mentioned increase fn 
apparent s tab i l i ty  f o r  moderate angles of sideslip i s  not reflected i n  
the side-force-coefficient curve. This condition  indicates  either 
greater  control  effectiveness  for smal l  values of B and 6, or a 
change i n  fuselage load distribution occurring a t  moderate vd.ues of p, 
or  both. This change in fuselage  load  distribution w-ould tend t o  change 
the  l inearity of the unstable  fuselage m o m e n t s  w i t h  increase in p w i t h  
no acccanpanying  change in  fuselage  load. The rudder-free  directional 
stabil i ty,  apparent t o  the  p i l o t   a s   m i a t i o n  of rudder  pedal  force with 
sideslip angle, is  positive and approximately l inear  for a Mach  number 

and l5(c) show an extreme rudder-force-sideslip-angle  gradient dFr/a 
beyond small  values of p .  A t  these hfgher  speeds and a t  the larger 
values of p and Er the  available  hydraulic  force  applied t o  the  
rudder is insufficient t o  overcome the  increased rudder hinge moment. 
Consequently, the  increased  pedal  force does not produce a corresponding 
increase in rudder deflection and the increased  gadient of dFr/d@ 
becomes apparent t o  the pilot   as an increase in rudder-free  stability. 

- of 0.84 (fig.   l5(a)).  For Mach numbers of 0.96 and 0.98, figures l5(b)  

The apparent  effective dihedral. aSa/dp as shown by the  slope of 
the curve of aileron position plotted as a function of sideslip w e ,  i s  
positive f o r  Mach numbers of 0.84 and 0.98 (figs.  l3(a) and 13(c)). The 
near neutral aS&3 slope at pi = 0.96 (fig. 15(b)) cannot  be explained 
until   additional flight test   data  aze  available to define  the  variation 
of apparent  effective  dihedral with Mach  nuniber. 

Since  suf'ficient  data  are  not  available to  graphically  present 
l a t e ra l  and directional  stabil i ty pazameters as a function of Mach num- 
ber, the following  table has been included: 
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Lateral and Directional  Stability  Characteristics 
I I I I 

0.a 

.08 - .ou5 1.20 21,000 .96 

0.64 -0 o n 0  1.15 20,000 

-98 .40 - . o m  1.60 19,800 

Lateral  Control  Characteristics 

The  effectiveness  of  the  ailerons  over  the  aileron  deflection 
range and over a very Umited Mach  number range is shown in figure 16. 
The  relative  effectiveness  of  the  ailerons, in terms of the  param- 
eter  pb/2V/Ea,  appears to be about the same over  the  Mach  number range 

tested (- = 0.0018). In addition, the meager  data obtained UP to 

this  time  indicate  that  the  effectiveness  of  the  ailerons  appears to be 
linear  with  deflection  except  possibly  at M = 0.94 where a lower  effec- 
tiveness may exist for smal l  deflections  than  for  large  deflections. 

CONCLUSIONS 

Results from demonstratfon  tests of the Douglas X-3 airplane  by  the 
manufacturer  and  the U. S. Air Force  indicate  the following conclusions: 

1. Longitudinal  control  deflection  required to trim  the  airplane 
exhibited a stable  trend  over  the  Mach  number range f r o m  0.60 to about 
0.92, appeared  neutrally  stable  between  Mach  numbers  of 0.92 and  about 
0.97, and  exhibited a slight  nose-down  trim  change  starting  at a Mach 
number  of  about 1.07 up to 1.16, the  highest Mach nuniber at  which  trim 
data  were  obtained. 

2. Throughout the  Mach  number  range  from 0.65 to 1.21, the  apparent 
static  longitudinal  stability was positive  at low lifts  ahd  the  apparent 
stability  parameter  dQ./dCNA  had a constant  value  of  about -5' for  Mach 

numbers  below 0.9 and then  increased  linearly to -Eo at a Mach  number 
of 1.21. The  apparent  stability  exhibited a gradual decrease  as lift 
increased and mild  pitch-ups  occurred  at  Mach n-ers  above 0.95. The 



- 
pitch-ws occurred at  normal-force coefficients of about 0.7 t o  0.8, 

mately 0.95 and about 0.4 t o  0.3 below maximum wing lift at Mach nunibers 
greater than 1.0. 

c a i c h  i s  slightly below msximum wlng l i f t  a t  a Mach m e r  of approld- 

3. Difficulty was experienced i n  p e r f o e  smooth longitudinal 
maneuvers. This effect appearred to   resul t   f romthe combination of con- 
t r o l  system, airplane, pilot ,  and the i r  dynamic characteristics; however, 
additional  tests  aze  required  to de- the primary  cause of the lag 
and oscillations experienced. 

4. Unaccelerated s t a l l s  appeared stable in all configurations  tested, 
except at large angles of attack i n  the landing configuration where some 
instabi l i ty  was evident. Roll-off tendencies, which becage more severe 
as the speed was decreased, were apparent in a l l  configurations. 

5.  The airplane normal"force-coefficient-curve slope % increased Aa 
from a value of 0.075 t o  approximately 0 -1-05 as the Mach mmiber increased 
f r o m  0.65 t o  1.0, then  decreased t o  about 0.095 at  a Mach  nuniber of 1.21. 

6. Appazent directional  stabil i ty over a Mach n-er range f r o m  0.84 
t o  0.98 was posi t ive and increased with increase in Mach ntmiber. A 
smaller degree of apparent s tab i l i ty  existed f o r  small angLes of sfdes7lp 
than existed  at   larger angles. Side-force  coefficient and effective dihe- 
dral were positive f o r  the nmrow Mach number range covered. 

. 

7. Aileron  control effectiveness over a bkch number range of 0.89 
t o  0.98 was generaUy  linear with deflection and exhibited U t t l e  change 
with  increase in Mach nmiber. 

8. C o m p a r i s o n s  showed that f l igh t   da ta ,   rocke t -de l  hta, and wind- 
tunnel-model data exhibited similar trends and g o d  quantitative agreement. 

High-speed Flight  Station, 
National Advisory C o m m i t t e e  for Aeronautics, 

Edwards, C a l i f . ,  April  25, 1955. 
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W i n g :  
Airfoil section: . . . . . . . . . . . . . . . . .  
Airfoil thiclmese rsrtio. percent chord . . . . .  
Airfoil leading- and traLling-edge angLes. deg . 
Total area. ~q ft . . . . . . . . . . . . . . . .  
Mean aeroaynamic chord. ft 
span. ft . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . .  
Root chord. ft . . . . . . . . . . . . . . . . .  
Taper ratio . . . . . . . . . . . . . . . . . . .  
Aspect ra t io  . . . . . . . . . . . . . . . . . .  
Incidence. deg . . . . . . . . . . . . . . . . .  
Dihedral. deg . . . . . . . . . . . . . . . . . . .  
Geometric twist. deg . . . . . . . . . . . . . .  
Aileron: 
kea rearward of h ~ n g e  ~lne (each). eq ft . . .  
span a% binge l ine (each). ft . . . . . . . . .  
Chord ree;rwsrd of hinge line. pdcent x h g  chord 
Travel (each). deg . . . . . . . . . . . . . .  
T y p  . . . . . . . . . . . . . . . . . . . . .  
span at  hinge ~lne (each). ft . . . . . . . . .  
Chord. normal to hinge Une. in . . . . . . . . .  
Travel. deg . . . . . . . . . . . . . . . . . .  
Tyye . . . . . . . . . . . . . . . . . . . . .  

Tipchord. ft; . . . . . . . . . . . . . . . . . .  
Sweep at 0.75 chord Ilne. deg . . . . . . . . . .  

Leading" flap: 

Area (each). sq ~t . . . . . . . . . . . . . .  

Trailing-edge flap: . . .  
Area (each). eq ft . . . . . . . . . . . . . .  
span. ft . . . . . . . . . . . . . . . . . . .  
.chord. percent wing chord . . . . . . . . . . .  
Travel. deg . . . . . . . . . . . . . . . . . .  

" i e d  hexagon . . . . . .  4.5 . . . . . .  8.58 . . . . .  166.50 . . . . .  22.69 . . . . .  e 7 . 8 4  . . . . .  10.58 . . . . . .  4.u . 0.39 . . . . . .  3.09 . . . . . . .  0 . . . . . . .  0 . . . . . . .  0 . . . . . . .  0 
. . . . . .  4.04 . . . . . .  3.25 . . . . . .  25 . . . . . .  *12 

. . . . .  PLafn . . . . . .  8.38 . . . . .  8.916 . . . . .  n.50 . . . . . .  30 

. . . . .  ~ S P l i t  . . . . . .  8.61 . . . . .  5.083 . . . . . .  25 . . . . . .  50 

Horizontal tail: 
Airfoil section . . . . . . . . . . . . . . . . . .  Modified hexagon 
A i r f o i l  thickness ratio a t  root chord. percent chord . . . . . .  8.01 
Airfoil thickness ratio outbcard of station 26. 

percent chord . . . . . . . . . . . . . . . . . . . . . . . .  4.50 
m o i l  leading-edge angle. deg . . . . . . . . . . . . . . .  11.96 
Airfoil ixaiUag-edge angle. deg . . . . . . . . . . . . . . .  8.7~ 
To" area. s q  ff; ...................... 43.24 
span. ft; . . . . . . . . . . . . . . . . . . . . . . . . . .  15.n 
b k a n  aerodynamic chord. ft . . . . . . . . . . . . . . . . . .  3.91 
Root chord. ft . . . . . . . . . . . . . . . . . . . . . . .  4.475 
Tip chord. ft . . . . . . . . . . . . . . . . . . . . . . . . .  1a4 
Taper ratio . . . . . . . . . . . . . . . . . . . . . . . . .  0.405 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . .  4.38 
Sweep a t  leading edge. deg . . . . . . . . . . . . . . . . .  U.14 
Sweep at trailing edge.  deg . . . . . . . . . . . . . . . . . . .  0 
D i h e d m l .  deg . . . . . . . . . . . . . . . . . . . . . . . . . .  0 

. 
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Travel: 
Leading  edge ug. deg . . . . . . . . . . . . . . . . . . . . .  6 
Leading edge down. deg .................... 1.7 

Hhge line location.  percent  root chord . . . . . . . . . . .  46.46 

V e r t i c a l  tail: 
Airfoil  section . . . . . . . . . . . . . . . .  
Airfoil leading- and trailing-edge angles.  deg 

Span (f'rom horizontal tail hinge l ine).  f't . . 
Airfoil thiclmess ratio.  percent chord . . . .  
Area. sqft  . . . . . . . . . . . . . . . . .  
Mean aerodynamic chord. ft . . . . . . . . . .  
Tip chord. ft . . . . . . . . . . . . . . . .  
Taper r a t i o  . . . . . . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . . . . . .  
Sweep at  leading edge. deg . . . . . . . . . .  
Sweep a t   t ra i l ing  edge.  deg . . . . . . . . .  

Area. rearward of hinge line. sq f t  . . . .  
Span a t  hinge line. ft . . . . . . . . . . .  
Tipchord. ft; . . . . . . . . . . . . . . .  
Travel.  deg . . . . . . . . . . . . . . . .  

Rootchord. ft 0 

Rudder : 

R O O t c h m d .  ft . . . . . . . . . . . . . . .  

. . Modified hexagon . . . . . . . .  4.5 . . . . . . . .  8.58 . . . . . . .  23.73 . . . . . . .  -5 .59  . . . . . . . .  4.69 . . . . . . .  6.508 . . 0 -1.93 . . . . . . .  0.292 . . . . . . .  1.315 . . . . . . . .  45 . . . . . . .  * g . 3 9  

. . . . . . .  5.441 . . . . . . .  3.535 . . . . . . .  -1.98 . . . . . . .  1.097 . . . . . . . .  *X, 
Fuselage: 

Length including born. ft . . . . . . . . . . . . . . . . .  66.75 
Maximumwidth. ft . . . . . . . . . . . . . . . . . . . . . .  6.08 
Maximumheight. ft . . . . . . . . . . . . . . . . . . . . . .  4.81 
Basearea. s q f t  . . . . . . . . . . . . . . . . . . . . . . .  7.94 

Power plant: 
Engines . . . . . . .  !Fwo Westinghouse W-WE-17 with afterburner 

Static sea-level maximLrm thrust. lb . . . . . . . . . .  4. 850 
Static sea-level military thrust. lb . . . . . . . . . .  3. 370 

Rating.  each  engine: 

Airplane weight. Sb: 
%sic (WLthout fuel. oi l .  water. pilot) . . . . . . . . . . .  16. 120 
T o t a l  ( f u l l  fuel. oil. water. no pi lot )  . . . . . . . . . . .  21. 900 
Basic weight . gem dawn . . . . . . . . . . . . . . . . . . .  2.63 
T o t a l  weight . gem down . . . . . . . . . . . . . . . . . . .  4.59 
Total weight . gear up . . . . . . . . . . . . . . . . . . . .  3.91 

Center-of-gravity location.  percent E :  

. 

. 
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Figure 2.- Three-quarter front view of buglas X-3 research airplane. 
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Static orifices 7 r Angle-of-attack vane 

rDifferential pressure head \ \ p--"----l.62 "-----I 

Angle- of - 
sideslip vone 

Figure 5.- Sketch o f  nose boom ahowing airspeed head and the angle-of- 
attack and angle-of-siaesllp vanes. A l l  dimensions i n  inches. 
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Figure 6.- Stabllieer deflection reqyired for trim as a function of 
k h  h e r ;  clean condition. All data corrected to lg flight at 
hp = 30,000 feet f o r  W/S = 116 lb/sq fi. Douglas X-3 research 
airplane. 

I 



26 - NACA RM H55E16 

.7 
M - "" 

c 

.6 

.2 
q, radlanskeco 

.2 

UP 

E -  ". Q " 17"- 
/4/\ 

0 

Ime, sec 

(a) hp = 12,800 feet. 

Figure 7.- Time histories of accelerated maneuvers for  the Douglas X-3 
research airplane. Flaps and landing gear up; center of gravity 
from 3 to -2 percent mean aerodynamic chord. 
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(b) hp = 22,200 feet. 

Figure 7. - Continued. 
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(c)  hp = 25,200 feet. 

Figure 7. - Continued. 
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(e) hp = 28,000 feet .  
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Figure 7.- Continued. 
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(f) hp = 22,500 feet. 
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Figure 7.- Concluded. - 
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. 
(a) hp = 12,800 feet ;  M = 0.645. 

Figure 8.- Static  longitudinal  stabil i ty  characterist ics of Douglas X-3 
research  airplane  in  accelerated  flight. Flap and landing gear up; 
ce:lter of gravizy from 3 t o  -2 percent mean aerodynamic chord. 
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(b) hp = 22,200 feet; M = 0.78. 

Figure 8.- Continued. - 
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(c )  % = 25,200 feet; M 0.97. 

Figure 8.- Continued. 
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(d) hp = 26,000 feet; M = 1.&. 

Figure 8.- Continued. 
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(e) hl, = 28,000 feet; M = 1.11. 

Figure 8.- Continued. 
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(f) % = 22,500 feet; M = 1.17. 

Figure 8.- Concluded. 
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Figure 9.- Variation of airplane .pitching moment with angle of attack 
and normal-f orce  coeff fcient computed for  the maneuver of figure 7(f). 
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Figurt? ll.- Variation of aFrplane normal-force-coefficient-curve 
xith Mach number. Douglas X-3 research airplane. 
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Flgure 12.- Time histories of &all approaches for the  Douglas X-3 
research airplane; hp - 26,000 feet; center of gravity fxm 3 to 
-2 percent mean aerodynamic chord. 
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(b) Wheels and flaps extended. 

Figure 12. = Continued. 
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(a) Clean configuration. 

.gure 13. - Variation of longitudinal s t ab i l i t y  and control quantities 
with indicated airspeed  during s t a l l  approaches. kp = 26, OOO feet. 
Douglas X-3 research airplane. 
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(b) Wheels and flaps exbended. 

Figure 13.- Continued. 
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( c )  Gear up; 6 = 0; 6 q e  = 7.0°. 
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Figure 13. - Concluded. 
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(a) M = 0.84; hp = 20,000 feet. 

Figure 15.- Vsriat ion of control forces, control deflections, and side- 
force  coefficient with s idesl ip  angle during wing-level  sideslips. 
Center of gravity from 3 t o  -2 percent mean aerodynamic chord. 
Douglas X-3 research airplane. 
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(b) M = 0.s; hp - 21,000 feet. 
Figure 15. - Continued. 
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(c) M = 0.9; kp 19,800 feet. 

Figure 15.- Concluded. 
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(c) M FJ 0.98; hp 21,000 feet. 

Ffgure l6.- Variation of wing-tip hel ix  angle with total aileron deflection. 
Douglas X-3 research airplane. 


